We showed large-scale synthesis of ZnS nanobelts by simply thermal evaporation of ZnS powder in the presence of Au catalysts at 1020 ∘ C. Scanning electron microscope (SEM), transmission electron microscope (TEM), and X-ray diffraction (XRD) analyses demonstrated that the as-obtained ZnS nanobelts possess hexagonal wurtzite structures. e nanobelts have lengths ranging from tens to hundreds of micrometers, thicknesses of tens of nanometers, and widths ranging from hundreds of nanometers to the order of micrometers. e growth process was proposed on the basis of known vapor-liquid-solid (VLS) mechanism. Room temperature photoluminescence measurements showed that the as-synthesized ZnS nanostructures had a strong green emission bands at a wavelength of 427 nm, which can be attributed to deep-level emissions induced by defects or impurities.
Introduction
Semiconductor materials have been extensively researched due to their potential applications in optical, photocatalytic, and optoelectronic �elds [1] [2] [3] [4] [5] [6] [7] . Among them, wide band gap II-VI semiconductors are efficient emitters from blue to UV spectra range and are likely candidates to replace materials like GaN in light emitting laser diodes [8] . In particular, Zinc sul�de, a direct wide band gap semiconductor (3.7 eV) with exciton binding energy of 40 meV [9] , has a high refractive index [10] and a high transmittance in the visible range [11] . ZnS exhibits not only photoluminescence [12] [13] [14] , but also acoustic luminescence [15] , triboluminescence [16] , electroluminescence [17, 18] , and thermoluminescence [19] . One-dimensional ZnS nanostructures possess some novel properties different from their block counterpart. So far, a various of ZnS nanostructures including belts [20, 21] , saws [22] , combs and windmills [23] , and �shbones [24] , have been synthesized. In this paper, we reported large-scale synthesis of ZnS nanobelts. Au catalyst's effect on the asobtained ZnS nanostructures morphologies was discussed.
Photoluminescence properties of the as-product are also investigated.
Experimental Details
ZnS nanobelts were synthesized through a thermal evaporation process in a horizontal tube furnace. 1 g commercialgrade ZnS powder (Alfa Aesar, 99.99% purity) was placed in the center of a single-zone tube furnace and evacuated for 3 hours to purge oxygen from the chamber, then the furnace was heated 1020 ∘ C at a rate of 20 ∘ C/min and keep at this temperature for 1 h. A carrier gas of high-purity Ar premixed with 5% H 2 was kept �owing at a rate 50 sccm. e pressure inside the tube was maintained at 300 Torr during the whole experiment. Aer the furnace was cooled to room temperature, a white-yellow wool-like product was deposited on Si substrate. e collected products were characterized by a scanning electron microscope (SEM, Hitachi S-4800) equipped with an energy-dispersive X-ray detector (EDX, INCA300) and a transmission electron microscope (JEOL JEM-2010). Photoluminescence (PL) spectra were recorded at room temperature using a He-Cd laser with a wavelength of 325 nm as the excitation light source.
Results and Discussion
e general morphologies of the as-made products were examined using SEM, which were showed in Figure 1 . Figure  1 (a) is low magni�cation SEM images of ZnS nanobelts, one can �nd large �uantities of wire-like structures covered on Si substrate. Figure 1(b) is the high magni�cation SEM images. Further observation found that the wirelike product present belt-like cross sections with an width of about 100 nm to 300 nm and a length of several tens of micrometers. ) shows XRD pattern of the as-grown products. All peaks of spectrum can be indexed to hexagonal wurtzite structure of ZnS, with the lattice constants nm and nm, which match well to the PDF card (no. 36-1450), without any impurities detected. Figure 2(b) is an EDS spectrum of the product, only Zn and S element are detected and Zn/S is about 1 : 1 within experimental errors. is showed again the as-grown product of ZnS possess high purity.
Because Au catalyst was introduced during reaction, it is obvious that the growth mechanism of the as-grown product of ZnS was controlled by well-known VLS mechanism. At �rst, ZnS powder evaporated to ZnS vapor at high temperature, then ZnS vapor react with H to produce Zn and H S vapor, aer that Zn vapor and H S vapor were carried to low temperature zone by Ar gas carrier and deposited on Si substrate. Zn and Au formed ZnAu solid solution as nuclei to absorb Zn vapors and H S vapor, where Zn reacts with H S and form ZnS, during the whole growth process, Zn and H S continuously separated from ZnAu solid solution and from the ZnS nanobelts. However, No gold nanoparticles were found on the surface of the as-synthesized ZnS nanobelts, it is possible that Au particle catalysts have been evaporated when the growth of ZnS nanobelts �nishes, which is consistent with the explanation to the growth of ZnO and ZnGa 2 O 4 nanohelices [25, 26] . Figure 3 showed room temperature photoluminescence spectrum of the ZnS nanobelts. One can see only a stable and strong blue emission peak at 427 nm. As known, near band edge (NBE) emission of ZnS should position at 337 nm due to combination of free excitons. us, the emission bands centered at 427 nm should be assigned to the stoichiometric vacancies or interstitial impurities in the ZnS nanoribbons, which has been reported by some literature [27, 28] .
Conclusion
In summary, we have successfully synthesized wurtzite ZnS nanobelts in the presence of Au catalysts by thermal evaporation of ZnS powder at 1020 ∘ C. e single crystalline ZnS nanobelts ranged from tens to hundreds of micrometers in length and hundreds of nanometers in width. Growth process may be explained by conventional VLS mechanism. Strong green emission of ZnS nanobelts may be attributed Au purity and high density of defects. e as-grown ZnS nanobelts here may be used as building blocks to fabricate various functionalized nanodevices.
